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BACKGROUND OF THE INVENTION 
1. Field of the Invention 
[0005] This invention pertains generally to wireless communication data 

processing, and more particularly to proximity motion detection within wireless 
nodes, such as IEEE 802.11 wireless nodes. 
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2. Description of Related Art 

[0006] The Open System Interconnection (OSI) standard provides a seven 
layered hierarchy between an end user and a physical device through which 
various network systems can communicate. Each layer is responsible for 
different tasks and the OSI specifies the interaction between layers while 
ensuring that the communication devices comply with the standard. 

[0007] FIG. 1 shows the hierarchy 100 of the seven-layered OSI standard. As 

shown in the figure the OSI standard includes a physical layer 105, a data link 
layer 1 10, a network layer 115, a transport layer 120, a session layer 125, a 
presentation layer 130 and an application layer 135. 

[0008] The physical layer 105 conveys the bit stream through the network at 

the electrical, mechanical, and functional level, therein providing a hardware 
means of sending and receiving data on a carrier. The data link layer 110 
provides the representation of bits on the physical medium and the format of 
messages on the physical medium, sending blocks of data, such as frames, 
with proper synchronization. The networking layer 115 handles the routing 
and forwarding of the data to proper destinations, while maintaining and 
terminating connections. The transport layer 120 manages the end-to-end 
control and error checking to ensure complete data transfer. The session 
layer 125 sets up coordinates, and terminates communications between 
applications. The presentation layer 130 converts incoming and outgoing 
data from one presentation format to another. The applications layer 135 is 
where communications, quality of service, user authentication, and so forth 
are considered. 

[0009] Similar to the OSI standard, the IEEE 802.1 1 committee has developed 

a three layer architecture for wireless networks that roughly corresponds to 
the physical layer, the data link layer of the OSI standard. FIG. 2 shows the 
IEEE 802 standard 160. As shown in the figure, the IEEE 802.11 standard 
includes a physical layer 165, a media access control (MAC) layer 170, and a 
logical link control layer 175. The physical layer 165 operates in a similar 
manner to the physical layer within the OSI standard. The MAC layer and the 
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logical link control layers share the functions of the data link layer in the OSI 
standard 100. The logical link control layer 175 places data into frames that 
can communicate at the physical layer 165 and the MAC layer 170 manages 
communications over the data link, sending data frames and receiving 
acknowledgment (ACK) frames. Together the MAC layer 170 and the link 
control layer 175 are responsible for error checking as well as retransmission 
of frames that are not received and acknowledged. 

[0010] The IEEE 802.1 1 MAC layer also defines the use of beacon frames 

being sent at regular intervals by an access point. The access point may act 
as a bridge between two networks with different protocols (e.g., Ethernet and 
802.11 wireless networks). 

[0011] Wireless technologies have been integrated into our daily lives and are 
being required to provide not only connectivity, but also high performance, 
reliability and stable communication. The most dominant of the 802 wireless 
communication standard is IEEE 802.11 and its variants, such as 802.11a, 
802.1 1b, 802.1 1g which are being utilized in various wireless products. 
Communication between different nodes in an IEEE 802.11 based-network is 
performed by exchanging data frames between a sending node and a 
receiving node. 

[0012] Each IEEE 802.1 1 b frame transmitted from an IEEE 802.1 1 equipped 

device contains information including the signal strength of the frame and 
noise which may be measured to determine the source and destination of any 
particular frame. By measuring the signal strength information included in 
frames sent from a fixed node to a mobile node, it is possible to approximate 
the distance between fixed and mobile nodes. 

[0013] However, wireless transmission under IEEE 802.11b are susceptible to 

the effects of multipath fading, wherein it can be very difficult to determine 
accurate location information for a node at any point in time. FIG. 3 illustrates 
a communication scenario 200 according to the IEEE 802.1 1 standards which 
are susceptible to the effects of multipath fading. As shown in the figure a 
transmission emitting from a base station 220 is transmitted by an antenna 



SON5180.40A1 



3 



EV352303889US 



210. The transmission may take a direct path to a receiving mobile node 230, 
or it may be reflected or diffused by one or more objects 240, 250, such as 
objects which are closer to antenna 210. The extent of multipath fading 
depends on the physical surroundings from which the multipath propagation 
of the signals directed towards receiving unit 230 arises. 

[0014] In mobile wireless nodes the multipath propagation problem can be 

compounded by the motion of one of the nodes, providing a varying profile of 
multipath effects as at least one of the nodes moves in relation to the other. 
The occurrence of multipath propagation may cause the perceived signal 
strength information at a mobile node to fluctuate greatly as a result of the 
slightest movement of the mobile node or changes in the surroundings such 
as movement of obstacles in the line of sight. In 802.1 1b, beacon frames are 
periodically transmitted to synchronize multiple wireless devices. However, 
the use of periodical monitoring does not alleviate the inherent problem of 
IEEE 802.1 1 multipath fading. 

[0015] Therefore, a need exists to monitor the signal strength in beacon 

frames in mobile devices to facilitate accurately determining their proximity 
relative to a stationary wireless target device. The present invention fulfills 
that need and others and overcomes numerous disadvantages with the prior 
art. 

BRIEF SUMMARY OF THE INVENTION 
[0016] The invention provides a data processing apparatus and method for 
optimizing network data processing between two wireless network nodes. 
The present invention generally allows the detection of a mobile wireless node 
relative to a fixed wireless node as the mobile wireless node motions in close 
proximity to the fixed wireless node. 
[0017] The present invention can provide a level of optimization for detecting 
the presence of the mobile node as the mobile node is maneuvered towards 
the fixed node. If the two nodes are configured in IBSS mode, one of the 
nodes is configured as an access point, so that the other node acts as a client 
node for receiving frame beacons transmitted by the node acting as the 
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access point. The client node then reads the signal strength information 
contained in the transmitted node in order to determine the proximity motion 
of the mobile node to the fixed node. 

[0018] Multipath propagation can cause widely varying signal strength 

information at a mobile node in response to even the slightest movement. It 
has not, however, been fully appreciated in the art that when a human being 
is positioned in front of a fixed target 802.1 1b node and a handheld mobile 
node is maneuvered to within few centimeters proximity of the fixed node, the 
perceived signal strength continuously increases during this maneuver a 
majority of the time. This characteristic is made use of in the present 
invention for mitigating the multipath problem in providing motion detection. 

[0019] The invention also provides a signal strength regression analysis 
algorithm that performs a regression analysis on the signal strength 
differences in a set of recorded signals transmitted between the mobile node 
and the fixed node to determine proximity motion of the mobile node. 

[0020] The invention also provides for monitoring of the frequency at which 

the beacon sender sent out beacons to the receiving node. The beacon 
receiver records the signal strength information contained in the beacon and 
retains this information for a period of time. The accumulated signal strength 
information is regressively analyzed to determine proximity motion in the 
present invention. 

[0021] The invention also describes a method of precalibrating signal strength 

increase between the sending node and the receiving node prior to the 
regression analysis of the signals transmitted as the mobile node is in 
proximity motion with respect to the fixed node. 

[0022] The present invention can be described as a system for detecting 
proximity motion of a wireless device operating within a wireless network, 
comprising: (a) a first network device configured for wirelessly communicating 
beacon frames which include signal strength information with at least a 
second network device; and (b) means for detecting proximity motion in 
response to signal strength regression analysis when the first network device 
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is within the proximity of the second network device. The means for detecting 
proximity motion can be described as comprising a (i) a motion monitoring 
module configured for continuously monitoring signal parameters within 
beacon frames; (ii) a regression analysis module configured for performing a 
regression analysis of signal strengths; and (iii) a motion detection module 
configured for comparing the output of the regression analysis against one or 
more thresholds to determine whether proximal motion has occurred. 
[0023] The invention may also be described as a proximity motion detection 
system comprising: (a) a first network device configured for communicating 
wirelessly with at least a second network device; (b) means for 
communicating beacon frames containing signal strength information between 
said first network device and the second network device; (c) means for 
performing a signal strength regression analysis on received signal strength 
information; and (d) means for generating a proximity motion detection signal 
in response said signal strength regression analysis performed during close 
proximity relative motion between said first network device and the second 
network device. 

[0024] The invention may be described as a method of detecting proximity 

motion between two wireless devices, comprising: (a) maneuvering a second 
mobile wireless device in relation to a first, fixed location, wireless device 
within a given proximity range; (b) continuously monitoring the strength of 
signals transmitted between the first target wireless device and the second 
mobile wireless device as the second wireless device moves towards the first 
wireless device; and (c) regressively analyzing the monitored signal strength 
to determine the proximity motion of the second mobile wireless device with 
respect to said first target wireless device to determine whether a given 
proximity range is achieved. 

[0025] The invention may also be described as a method of detecting 

proximity motion between a first receiving wireless node and a second 
sending wireless node, comprising: (a) continuously monitoring beacon 
frames transmitted by the second sending wireless node to the first receiving 
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wireless node; (b) recording the signal strength information contained in the 
beacon frame transmitted by the second sending wireless node; (c) retaining 
the recorded signal strength information in the first receiving wireless node for 
a designated period of time; and (d) regressively analyzing the retained signal 
strength information to determine the proximity motion of the second sending 
wireless node with respect to the first receiving wireless node. 
[0026] It should also be appreciated that the invention may be described in 

numerous additional ways such as describing apparatus, systems and/or 
methods which incorporate one or more aspects of the invention as described 
herein. 

[0027] The present invention is configured for providing numerous inventive 

aspects, including but not limited to the following. 
[0028] An aspect of the invention is to provide motion detection of a wireless 

device node moving in a proximal relation to a fixed node. 
[0029] Another aspect of the invention is to detect motion of wireless device 

operating according to IEEE 802.1 1. 
[0030] Another aspect of the invention is to detect motion without the need of 

RF transponder tags, optical sensing mechanisms, or other hardware. 
[0031] Another aspect of the invention is to detect incoming motion or access 

within a given proximity range. 
[0032] Another aspect of the invention is to increase the accuracy of distance 

estimating utilizing beacon frame signal strength information. 
[0033] Another aspect of the invention increase the accuracy of distance 

estimating to far less than the current 2 - 4 meter error bar. 
[0034] Another aspect of the invention to provide a distance estimating system 

and method with reduced multipath susceptibility. 
[0035] Another aspect of the invention to provide a motion sensing system 

which can be utilized without the need to perform system precalibration. 
[0036] Another aspect of the invention are processes for determining motion 

which are used in combination with a "proximity motion" maneuver to increase 

the accuracy of motion detection. 
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[0037] Further aspects of the invention will be brought out in the following 

portions of the specification, wherein the detailed description is for the 

purpose of fully disclosing preferred embodiments of the invention without 

placing limitations thereon. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 
[0038] The invention will be more fully understood by reference to the 

following drawings which are for illustrative purposes only: 
[0039] FIG. 1 is a layer topology for the conventional OSI standard for a 

computer communication architecture. 
[0040] FIG. 2 is a layer topology for the conventional IEEE 802.1 1 standard 

for a computer communication architecture. 
[0041] FIG. 3 is a block diagram of a conventional fixed base communication 

scenario exhibiting multipath effects, such as fading. 
[0042] FIG. 4 is a block diagram of a first communication range between a 

wireless device and a fixed node, according to an aspect of the present 

invention. 

[0043] FIG. 5 is a block diagram of a second, proximal, communication range 

between a wireless device and a fixed node, according to an aspect of the 

present invention, showing proximal motion detection. 
[0044] FIG. 6 is a block diagram of a wireless network according to an 

embodiment of the present invention, showing implementation of proximity 

motion detection. 

[0045] FIG. 7 is a flowchart of proximity motion detection according to an 

aspect of the present invention. 
[0046] FIG. 8 is a graph depicting the accuracy of proximity motion detection 

when changing frame beacon intervals between a set of interconnected 

wireless devices according to the present invention. 
[0047] FIG. 9 is a graph depicting the accuracy of proximity motion detection 

when changing frame beacon intervals between a set of wireless devices with 

a second changed threshold value in the wireless network of the present 

invention. 
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[0048] FIG. 10 is a graph depicting the accuracy of proximity motion detection 

when changing frame beacon intervals between a set of wireless devices with 
a third changed threshold value in the wireless network of the present 
invention. 

[0049] FIG. 1 1 is a graph depicting the accuracy of proximity motion detection 

measured when changing beacon intervals between a set of wireless devices 
with a fourth change in the threshold value in the wireless network of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0050] Referring more specifically to the drawings, for illustrative purposes the 

present invention is embodied in the apparatus generally shown in FIG. 4 
through FIG. 11. It will be appreciated that the apparatus may vary as to 
configuration and as to details of the parts, and that the method may vary as 
to the specific steps and sequence, without departing from the basic concepts 
as disclosed herein. 

[0051] The present invention provides for proximity mobile device detection in 

a wireless network. The invention incorporates a number of methods into the 
IEEE 802.1 1 protocol MAC layer to improve the signal strength between 
mobile wireless devices that communicate with a stationary wireless device in 
the wireless network. As is common in the conventional art, the IEEE 802.1 1 
wireless network is known for the multipath fading when two wireless nodes 
try to communicate, the resulting fading generates errors which makes it 
difficult to determine the exact location of a mobile wireless device with 
respective to a stationary device in the same wireless network. Further 
problems associated with the proximity motion identification of wireless 
devices of a IEEE 802.1 1 network are also described which are overcome by 
preferred embodiments of the present invention. 

[0052] FIG. 4 and FIG. 5 illustrate a network established in an initial state 300 

between a mobile wireless device (node) 310 that is in motion and placed 
within about 30- 100 cm from the stationary wireless device (node) 320, and 
more preferably within the range of from 30 - 60 cm. From the initial state 300 
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shown in FIG. 4, a user holding the mobile wireless device 310 can quickly 
move it towards the stationary wireless device 320 so that the distance 
between the devices reduces. For example, in FIG. 5 the distance changes to 
a second state 400, a proximal distance state, between mobile wireless 
device 310 and proximal stationary wireless device 320, which are within a 
range below about 15 cm, and more preferably to a range of less than 10 cm, 
and most preferably to a range of at or less than about 5 cm. In FIG. 5, 
wireless device is within a short range 400 of the fixed node wherein the 
movement of wireless device 310 towards the stationary wireless device 320 
is referred to as proximity motion. In one embodiment of the present 
invention, the proximity motion must terminate within approximately 0.7 to 1 
second for optimal detection to occur. After a short maneuver, the handheld 
device 410 may be detected so that its position will not further influence the 
motion detection algorithm of the present invention. It should be noted that 
the portable (i.e. handheld) communications device (i.e. telephone, PDA, 
electronic watch, and so forth) can remain close to the fixed device, or simply 
swiped away in one action. 

[0053] FIG. 6 illustrates an embodiment 500 for performing proximity motion 

detection within the present invention. It will be understood by those skilled in 
the art that only those elements generally necessary for the implementation of 
the present invention are shown. 

[0054] Proximity motion detection 500 preferably comprises motion (signal 

strength) monitoring module 510, beacon detection module 520, regression 
analysis module 530 and motion detection module 540. The functional 
components of the proximity motion detection logic 500 are preferably 
coupled to the IEEE 802.1 1 MAC layer 550. In one embodiment of the 
present invention, the f motion monitoring module 510 continuously monitors 
signal parameters in beacon frames dispatched by the IEEE 802.1 1 MAC 
layer 550 to the wireless devices in the wireless network. The regression 
analysis module 530 performs a regression analysis of signal strengths to 
determine the proximity movements or motions, as within a short range 400, 
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around a fixed target wireless node such as node 310 by the mobile wireless 
device such as node 320. 

[0055] In one embodiment, the regression analysis module 530 can be 

implemented at either the beacon receiving node or sending node. In one 
embodiment, one of the wireless devices is expected to periodically transmit 
beacon frames and the other must record the signal strength information 
contained in the received frames. If the two devices are configured in IBSS 
mode, one of the devices must be configured as an access point, so that the 
other device which becomes the client node can receive the beacons sent out 
by the other node and be able to read the signal strength information 
contained therein. If the devices are configured to be in an ad hoc mode, the 
beacon sending device is determined randomly, so that the node measuring 
the signal strength information contained in the beacons will not be 
determined until communication starts between the two nodes. 

[0056] In one embodiment of the present invention, the proximity motion 

detection algorithm could be implemented at either the beacon receiving node 
or the sending node. However, if the proximity motion detection algorithm is 
implemented at the sending node, the signal strength perceived at the 
receiving node must be reported back to the sender node. 

[0057] In one embodiment, the proximity motion detection logic 500 could use 

approximate propagation characteristics of IEEE 802.1 1b signals indoors to 
determine the signal strength in signals communicated between the receiving 
node and the sending node. In one embodiment, the following equation can 
be used to approximate the characteristics of the signals between the two 
nodes: 

P d = P d o-alog(d/dO)-/3 (1) 
[0058] Where P d and P d o represent the sampled signal strength at distances d 
and dO away from a wireless node. The values for alpha and beta are 
determined by the amount of interference between the wireless node and the 
sampling location. In one embodiment, when there are no major obstructing 
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objects between the beacon sender and receiver, the values of a =10 and /? = 
0. In that case, Eq. 1 provides an accurate estimate of actual sampled signal 
strength. 

[0059] Also, from Eq. 1 , the signal strength may be affected by changes in 
distance and not by the transmit power of the sender. Thus, by basing the 
proximity motion detection algorithm of the present invention on Eq. 1 above, 
a compatible relationship between the beacon sender and receiver is 
maintained without the receiver being dependent on the type of sender in a 
heterogeneous environment. Therefore, if the handheld device is 
maneuvered in a proximity motion, the distance from the handheld device to 
the target device will change from approximately 30 to 60 cm to approximately 
5 cm as depicted in FIG. 4-5. From the Eq. 1 above, for the type of motion 
contemplated in one embodiment of the present invention, the signal strength 
may be increased by about 20 dBm in response to such a proximity motion. 

[0060] Although IEEE 802.1 1 b can be severely affected by multipath phasing 
at longer ranges, it should be recognized that when communicating nodes are 
situated on the order of tens of centimeters to each other, there is hardly any 
resulting interference. In one embodiment of the present invention, during 
proximity motion, the receiver consistently observes a continuous increase in 
signal strength information contained in the beacon frames between the 
communicating nodes situated within a few centimeters from each other. The 
present invention therefore continuously monitors the beacon frames at the 
receiver side and analyzes the results to determine if the two nodes have 
moved in close range of each other. 

[0061] Letting P t o - Ptn denote the sampled signal strength at the beacon 

receiver side from time t 0 to t n when a handheld node is maneuvered for 
proximity motion, a high degree of positive correlation between time t and 
signal strength P t is observed. Because of this relationship, when a simple 
linear regression analysis is performed on the receiver signal strength P t as a 
function of time t, it results in a highly precise regression equation. Since the 
perceived signal strength at the receiver node does not depend on the 
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transmit power of the sender node, but increases constantly with respect to 
distance during proximity motion, the difference in signal strength at time f, D t 
with respect to time t 0 can be expressed by: 

D t = P t -Pto (2) 
where P t is the signal strength at time t and P t0 is the signal strength at time 

[0062] If a simple linear regression analysis is performed on D t with respect to 

t, a constant result is obtained irrespective of the transmit power of the sender 
for proximity motion at the same distances. Furthermore, since IEEE 802.1 1b 
uses periodic beacon frames to synchronize the communicating nodes, these 
beacons are typically configured to be sent out at intervals of approximately 
100 mS . However, in the present invention, the beacon frames can be 
preferably tuned for being sent out more frequently. 

[0063] FIG. 7 is an illustration of proximity motion detection logic 600. The 

process starts at block 605 and the beacon sender is configured to 
periodically send out beacons at constant intervals as per block 610. In one 
embodiment, the constant beacon transmission interval is configured to be 
approximately less than 100 mS . However, the accuracy of the proximity 
motion detection algorithm of the invention can be increased according to the 
invention by decreasing the interval. 

[0064] Next, the beacon receiver records the signal strength information 

contained in the beacon as per block 620. In one embodiment of the present 
invention, the beacon receiver retains the signal strength information for a 
period of time. Preferably the retention period is at least approximately one 
second. In another preferred implementation, the receiver discards the 
retained beacon information if the retained information is more than the 
retention time. For example, when the beacon interval is 100 mS , the 
receiver must save at least the last ten samples. If P n (n = 7,2,3...n ma ^ 
denotes the set of recorded signal strength samples, then as time t increases, 
each value of P n will reset with a newer value. Thus, Po will always represent 
the oldest sample and P max will always represent the newest sample. 
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[0065] Next, the proximity motion detection algorithm follows a set of 

procedures using the values for P n (n-0,1,2...n max ) that represent the recorded 
signal strength information. Thus, at block 630, the proximity motion detection 
algorithm calculates the difference in signal strength denoted by D n (n-0,1,2 ... 
n ma x) with respect to P 0 using Eq. 2, where Dt is the difference in signal 
strength between time t and t 0 , Pt is the signal strength at time f, and P t0 is the 
signal strength at time t 0 . 

[0066] Next, as per block 640, the proximity motion detection system performs 

a regression analysis on D n with respect to n and determines the regression 
coefficient b and the coefficient of determination R. In block 650, the 
proximity motion detection system next determines the increase in signal 
strength from the start to the end of the proximity motion. Proximity motion is 
preferably registered when the regression coefficient b can be approximated 
as AP/(n max - 1)\ where AP is the change in signal strength and nmax - 1 is the 
total number of signal strength samples. Next the proximity motion detection 
system determines if the conditions of Eq. 3 are met as per block 660, and 
Eq. 4 as per block 670. 

b > AP/nmax - 1 (3) 
R > a (4) 

[0067] If neither of the signal strength determination Eqs. 3 and 4 in block 660 

and block 670 are satisfied, the processing algorithm ends. If, on the other 
hand, neither of the two conditions are satisfied, the proximity motion 
detection continues to calculate the start of the proximity motion to the end of 
the proximity motion. As mentioned above, the implementation of the present 
invention for detecting movement from about 30 cm to 60 cm separation to 
less than 5 cm, the change in the resulting signal strength change AP being 
approximately 20 dBm. In a regression analysis of signal strength, a 
threshold value for the coefficient of determination a which is higher than 
about 0.70 indicates a strong correlation. This level of correlation is indicative 
that proximity motion has been detected within the present invention. 

[0068] The preferred value for the change in signal strength AP described 



SON5180.40A1 14 EV352303889US 



above assumes conditions with minimal interference such as indoor 
environments. If it is difficult to accurately detect proximity motion with this 
value, it is possible, according to one mode of the present invention, to 
increase the accuracy by measuring AP beforehand and using the 
premeasured values. 

[0069] FIG. 8 through FIG. 1 1 illustrate results from evaluating the proximity 

motion detection method of the present invention, based on a couple of 
experiments performed using different brands of IEEE 802.1 1b network cards. 
The graphs illustrate the accuracy of proximity motion detection measured 
when changing the beacon intervals for each of the four types of IEEE 
802.1 1b network cards. As shown in FIG. 8, the x-axis denotes the beacon 
interval and the y-axis denotes the number of times proximity motion was 
detected correctly out of fifty attempts. FIG. 8 shows the results for a 
coefficient of determination a of 0.78, while each of FIG. 9, FIG. 1 0 and FIG. 
1 1 depict the results for coefficients of determination a at values of 0.75, 0.72 
and 0.70 respectively. For the evaluation of the proximity motion detection 
algorithm illustrated in FIG. 8 - FIG. 1 1 , the difference in signal strength (AP) 
was configured to be 20 dBm. Beacon intervals were set at values of 100 
mS , 75 mS , 50 mS , 25 mS and 10 mS respectively. The number of signal 
strength samples that were used for regression analysis depends on the 
intervals shown in Table 1 . 

[0070] In the experiments the beacon intervals could not be changed (due to 

limitations of the hardware being used and not a limitation of the present 
inventive method), wherein results were only measured for intervals of 100 
mS . From the illustrations in FIG. 8 - FIG. 1 1 , it is apparent that when the 
threshold of the coefficient of determination is below 0.70, the proximity 
motion can be detected with a high level of accuracy. It is also apparent that 
the standard beacon interval of 100 mS is sufficient for detecting proximity 
motion. It also appears that the technique is sufficiently robust for use with 
devices from a variety of manufacturers and with different beacon intervals 
allowing it to be applied to a wide variety of wireless 802.1 1b devices. It 
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should be appreciated that although the embodiments describe use with the 
IEEE 802.1 1 wireless standard, it can be applied to any existing or future 
wireless standards which provide a means for communicating signal strengths 
between wireless network nodes. 
[0071] Although the description above contains many details, these should not 
be construed as limiting the scope of the invention but as merely providing 
illustrations of some of the presently preferred embodiments of this invention. 
Therefore, it will be appreciated that the scope of the present invention fully 
encompasses other embodiments which may become obvious to those skilled 
in the art, and that the scope of the present invention is accordingly to be 
limited by nothing other than the appended claims, in which reference to an 
element in the singular is not intended to mean "one and only one" unless 
explicitly so stated, but rather "one or more." All structural and functional 
equivalents to the elements of the above-described preferred embodiment 
that are known to those of ordinary skill in the art are expressly incorporated 
herein by reference and are intended to be encompassed by the present 
claims. Moreover, it is not necessary for a device or method to address each 
and every problem sought to be solved by the present invention, for it to be 
encompassed by the present claims. Furthermore, no element, component, 
or method step in the present disclosure is intended to be dedicated to the 
public regardless of whether the element, component, or method step is 
explicitly recited in the claims. No claim element herein is to be construed 
under the provisions of 35 U.S.C. 112, sixth paragraph, unless the element is 
expressly recited using the phrase "means for." 
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Table 1 



Regression Analysis - Number of Samples Based on Interval 



Interval (mS) 


No. Samples 


100 


10 


75 


13 


50 


20 


25 


40 
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